Objective: The aim of this study was to quantify the economic benefits of eliminating job strain as a risk factor for depression, using published population-attributable risk estimates of depression attributable to job strain (13.2% for men, 17.2% for women). Methods: Cohort simulation using state-transition Markov modeling estimated costs and health outcomes for employed persons who met criteria for lifetime DSM-IV major depression. A societal perspective over 1-year and lifetime time horizons was used. Results: Among employed Australians, $890 million (5.8%) of the annual societal cost of depression was attributable to job strain. Employers bore the brunt of these costs, as they arose from lost productive time and increased risk of job turnover among employees experiencing depression. Conclusions: Proven, practicable means exist to reduce job strain. The findings demonstrate likely financial benefits to employers for expanding psychosocial risk management, providing a financial incentive to complement and reinforce legal and ethical directives.
R
obust evidence now exists that links workplace psychosocial stressors to the development of depression, [1] [2] [3] as well as related health behaviors such as sickness absence, 4 ,5 and quality of life outcomes. 6 The strongest evidence links the combination of high job demands and low job control (job strain), job insecurity, low social support at work, and imbalance between effort expended at work and rewards received, 1 -3,7,8 to poor mental health. After accounting for other known risk factors for depression, job strain almost doubles an employed individuals risk of developing the disease. 2, 3, 9 That said, evidence suggests that job stressors, and work-related mental health problems, can be reduced by a combination of work-, organization-, and employee-directed interventions. [10] [11] [12] [13] These multifaceted interventions i) protect mental health by reducing work-related risk factors 14 ; ii) promote mental health by developing positive aspects of work in addition to individual workers' strengths and positive capacities 14 ; and iii) address mental health problems among working people regardless of cause. 14 In addition to poorer health outcomes, depression carries a significant economic cost that is principally attributable to work impairment, disability, 15, 16 and lost productivity from sickness absenteeism and presenteeism (continuing to work when ill). 16, 17 In particular, presenteeism, which is more common, and more expensive, than absenteeism, [15] [16] [17] may account for up to 80% of depression-related lost productive time. 16, 17 Internationally, this represents an estimated 35.7 billion USD, 17 15.1 billion UK pounds, 18 and upwards of $9626 per worker, per year in Australia. 16 These estimates suggest that evidence of the economic costs of depression-related absenteeism and presenteeism should motivate and encourage workplace mental health management strategies that focus on promotion and prevention of these behaviors. 14, 19 Despite this recognized need, the majority of nationally representative studies are from the United States and countries in Western Europe. This makes cross-country comparisons difficult, as health care access and financing, labor markets, and research and analytical methods are all notably different. 20 Further, a recent systematic review of cost of illness studies for depression revealed that just 4 of 13 studies included costs of presenteeism. 21 In order to support more comprehensive workplace stress prevention and control efforts, an improved understanding of the financial benefits of reducing or eliminating job stress is required. Accordingly, this paper used population-level data and a Markov cohort simulation approach, as applied in the authors' previous work, 16, 20 to estimate the economic benefits of removing depression attributable to job strain for Australian workers, as well as their employers and society more broadly. In doing so, it builds on previous research that used data from the Victorian Job Stress Survey (VJSS), conducted by telephone from a random sample of telephone directory listings in the south-eastern state of Victoria, Australia, to estimate that 13.2% and 17.2% of prevalent depression is attributable to job strain among working males and females, respectively. 9 In other words, reducing or eliminating job strain could subsequently reduce those aforementioned proportions of depression. 20 Thus, the specific aims were to i) estimate the cost for depression attributable to job strain versus all other depression for Australian workers, in order to quantify the potential financial benefit if depression attributable to job strain were be reduced; and ii) estimate the costs from multiple perspectives (societal, employer, and individual).
METHODS
The present study adapted the methods and results used in its published parent study, 16 which have been described in detail elsewhere 16 and compared the costs and health outcomes of short-term absenteeism with those of continuing to work while ill (''presenteeism'') among employed Australian adults reporting lifetime major depression (whether such depression might be attributable to working conditions or not). The parent study used cohort simulation and state-transition Markov models to simulate the progression, over 1-and 5-year time horizons, of a hypothetical cohort of workers reporting lifetime major depression, between health states, according to probabilities derived from high-quality, previously published epidemiological and clinical research studies. Using cost outcomes, health service utilization, medication use, lost productive time, and job turnover, these models estimated the costs of absenteeism compared with presenteeism. In addition, the parent study determined how these costs, and relative quality-adjusted lifeyears (QALYs), are distributed between different agents (employer vs employee). Although this study used the parent study's design, analytic structure, initial, and transition probability estimates, and subsequent decision model as a base, it differed by altering the prevalence estimate of depression to reflect only those cases attributable to job strain and the estimation of associated costs over 1-year and lifetime time horizons (as opposed to 1 and 5 years). In short, the present study was designed to generate cost outcomes that might support a business case for the development and implementation of interventions and strategies designed to reduce or eliminate job stress (Fig. 1) .
Study Design
As previously mentioned, the analytic structure of the models used in this study have been described in detail elsewhere. 16, 20 This paper presents this previously published model 16 as a starting point, but has adapted it for its own aforementioned aims. Briefly, modeled costs and health outcomes were estimated for a simulated cohort of 1000 employed persons with lifetime major depression, and these costs were then extrapolated to the Australian population. 20 Further, these previously published models were modified to include the estimated probability of individuals having no access to paid sick leave in order to estimate the economic costs for both the employer and the employee. This was needed to reflect the labor market reality faced by a substantial proportion of working Australians, such as most causally employed/temporarily employed workers, who make up between 20% and 25% of the Australian labor force. 22 The 2007 wave of the Household, Income and Labour Dynamics in Australia (HILDA) panel survey provided estimates of the proportion of employees with depression, but without access to paid sick leave (29%). 20 
Adaptation Methods From Parent Study to Present Analysis
Using the parent study's cost data as a baseline cost estimates, 16 the proportion of depression attributable to job strain 9 was applied to estimate the costs of depression attributable to job strain among Australian workers 20 (Supplementary Table 1 , http://links. lww.com/JOM/A312). The two studies that were used to estimate the population attributable risk used depression in the past year 23 (CIDI depressive episode in past 12 months) or incident depression in the past 2 years 24 as the outcome; thus, the fractions were only applied to the persons with lifetime depression who reported depressive symptoms in the past year.
As previously described, 16 this study's cost estimates are conservative as i) the prevalence-based analysis means lifetime costs are only for workers with a history of depression at the time of the survey interview in 2007; ii) costs for persons without a history of depression (incidence-based) at the time of interview who will become depressed are not included; iii) the initial cohort was restricted to employed persons only; iv) people who had exited the workforce, either temporarily or permanently, due to job strain were not included, nor were their costs; v) costs related to premature death were excluded as a healthy working population was likely to have comparatively low depression-specific mortality 20, 21 ; and vi) costs from the employee perspective are restricted to absenteeism costs for workers without paid sick leave.
RESULTS

Prevalence of Depression States Among Australian Workers
The 2007 weighted prevalence of lifetime DSM-IV depression among Australian workers was 14.7% (12.0% men, 18.0% women). 20 This equates to 1.54 million workers when extrapolated to the Australian population. At the time of the 2007 National Survey of Mental Health and Wellbeing, 21% reported past-year depressive symptoms and were in treatment, 17% reported past-year depressive symptoms but were not receiving treatment, 11% were recovered but still receiving treatment, and 52% were recovered and not in treatment. 16 Table 1 presents simulated estimates of the societal costs of Australian workers experiencing depression over 1 year and a lifetime. Both the average cost per person and the total cost to the Australian population are presented. The total 1-year cost was estimated at approximately $8000 per person or a $12.6 billion to the Australian population. The lifetime cost was estimated at $138,679 per person, and when extrapolated to the Australian population, $213.5 billion in total. Costs related to employment, lost productive time, and job turnover/employee replacement costs accounted for most of the costs within this population, as opposed to costs related to health services and medications used. Table 1 highlights that the 95% confidence intervals (95% CIs) around the types of cost and total cost per person for both the 1-year and lifetime time frames were large, with substantial uncertainty introduced into the models by probability and costs estimates of job turnover used. For example, over a lifetime, job turnover cost per person ranged from $38,097 to $141,422. The corresponding figures for variance around total cost when extrapolated to the Australian population are also summarized in Table 1 . Likewise, large CIs can be seen around both 1-year and lifetime societal costs of depression attributable to job strain (Table 2) , and the 1-year, job turnover/employee replacement cost in Table 3 , thus highlighting the need for similar caution when interpreting said results.
Societal Cost of Depression Among Australian Workers
Sensitivity Analysis
Societal Cost of Depression Attributable to Job Strain
To estimate cost of depression attributable to job strain among Australian workers, published estimates of 13.2% for men and 17.2% for women 9 were applied to persons with lifetime major depression with symptoms in the 12 months before the survey interview. Job strain accounted for $730 million (5.8%) of the societal cost of depression among Australian workers in 1 year, 20 and $11.8 billion (5.5% of the total) over a lifetime. Despite the FIGURE 1. State transition Markov model diagram.
relatively small percentages, these figures represent a potentially avoidable cost to the Australian economy. 20 
Employment-Related Costs From Employer and Employee Perspectives
Almost 40% of the employees with lifetime major depression reported experiencing symptoms in the past 12 months, of whom an estimated 29% were not entitled to paid sick leave. For employees with lifetime depression, but no symptoms in the past 12 months, this figure was estimated at 11% of the total population. 20 Results revealed that absenteeism was responsible for 22% of total costs related to lost productive time. When the absenteeism costs for employees without access to paid sick leave were attributed to the employee, costs from the employee perspective totaled $85 million. Thus, the employer bore the brunt of the employment-related costs. 20 
DISCUSSION
The societal cost of lifetime depression in the workforce was estimated at $12.6 billion over 1 year, and $213.5 billion over a lifetime, 20 and both costs were largely attributable to lost productive time and job turnover, as opposed to treatment costs. Compared with OECD member country, international estimates of the direct and indirect costs of ''mental ill-health'' in the working age population of 3% to 4% of GDP, 25,26 our 1-year estimate ($12.6 billion) represents 1.5% of Australia's GDP in 2007; an expectedly smaller figure as this study is only looking at DSM-IV major depression. Further, the societal cost of depression attributable to job strain among Australian workers was estimated at $730 million over 1 year, and $11.8 billion over a lifetime. These estimates provide a financial incentive for governments, organizations, and individual employers to improve and carry out effective job stress prevention and control strategies in Australian workplaces. 10, 14, 27, 28 Employees without access to paid sick leave represent almost a quarter of all working Australians. 22, 29 Findings of this study demonstrate that the cost of sickness absence for employees with depression without access to paid sick leave entitlements could see them incur a potential costs of $85 million over 1 year. This in turn may be responsible for promoting continued work attendance when ill (presenteeism behavior). However, this analysis suggests that the majority of employment-related costs from depression among Australian workers are incurred by employers. This finding supports previous research that has suggested employers are already paying for the cost of depression among their employees, 16, 20 and serves to bolster the business case for employer investment in programs that diminish job stress, and promote mental health and wellbeing.
Strengths
Despite the aforementioned limitations, an important strength was the use of the Australian National Survey of Mental Health and Wellbeing, a quality epidemiological data source that provided representative estimates of the Australian working population. 16, 29 Using this data source enables the generalizability of this study's findings to all employed Australians. A further strength of using the survey is the major depression diagnosis it used: the modified version of the World Mental Health Survey Initiative version of the Composite International Diagnostic Interview (WMH-CIDI). This instrument has undergone extensive methodological testing and development that ensures the international comparability of this study's results.
Limitations
Some potentially relevant societal costs have not been included in the costs estimates presented, as they were beyond the scope of the parent study that informed this project. 16 For example, costs associated with the impact on families, lost or reduced leisure time, and workers compensation cost from psychological injury claims related to job stress related were all excluded. Therefore, these findings of this study should be considered conservative, lower bound estimates of societal cost. 20 Job turnover is more common among employees experiencing depression, than those who are not, and is a costly event. However, the estimates for both job turnover probability and cost used in this study had wide CIs around them, indicating substantial uncertainty. As the previously published modeling methods indicated, 16 a single estimate of employee replacement costs (for any employee in any job) was used, and the wide variance around this estimate is responsible for the wide variance in the associated estimates in this study. 20 Another potentially costly consequence of depression among employed individuals is workplace accidents, likely caused by common depression symptoms such as poor concentration and impaired decision-making, which have, in turn, developed as a result of exposure to job strain. However, a reliable estimate for the probability of workplace accidents due to depression, let alone depression attributable to job strain, nor a specific cost for a depression-related accident versus a nondepression-related accident could not be located. Therefore, these costs were not included. That said, additional analyses were conducted to explore the potential impact of this cost using a probability estimate derived from a small study in one county in the rural mid-western US state of Iowa 30 and a cost estimate derived from the average cost of a workplace injury not specific to depression. 31 Results showed an almost tripling of the estimated societal cost of depression in the workforce, an estimate considered unreliable. As a result of the absence of reliable estimates for a potentially significant cost contributor, workplace accidents, the final models could be underestimates of the cost of depression attributable to job strain.
This study was limited to employed individuals with lifetime DSM-IV depression. Therefore, it cannot be applied to other psychological outcomes attributable job strain, not to the employers individuals who had exited the workforce before the 2007 National Survey of Mental Health and Wellbeing, a common occurrence for workers experiencing jobs strain. 20, 32 The inclusion of additional mental health outcomes, such as anxiety, work-related suicide, and behavioral disorders such as harmful drug or alcohol use 2, 33, 34 would be required to estimate the full health and economic impact of job strain on mental health. In addition, job strain is one of many work-related psychosocial hazards, and several others, now regularly associated with depression, such as effort-reward imbalance, injustice at work, job insecurity, and bullying, 2, 3, 35, 36 are required to determine the impact of psychosocial work hazards on depression, mental disorders more broadly. 20 This also serves to demonstrate that the estimates derive in this study represent an underestimate of the costs associated with the impacts of all psychosocial working conditions on depression.
Also excluded from this study were costs associated with work-related psychological injury claims, which again suggests that the total costs presented may be underestimates. For example, SafeWork Australia estimates that new ''mental stress'' claims lodged in 2006 to 2007 cost $209 million, 20 and while chronic job stress is only one of eight ''mechanism'' categories likely to lead to a ''mental stress'' claim, it is the most common. 20 The estimates of depression attributable to job strain used in this study are similar to those in the ''work pressure'' category, which represent a small proportion ($40%) of all ''mental stress'' claims, 20 and thus, the costs of depression attributable to job strain could be estimated, as 40% of total stress claim costs ($$84M). However, the employer cost estimates presented in this study for depression attributable to job strain are beyond an order of magnitude larger than stressrelated claims costs ($890M vs $84M), this providing additional motivation for employers to increase the amount of effort put into preventing and controlling job stress. 20 Finally, we acknowledge variation in the literature on estimates of the association between job strain and depression, with some estimates exceeding the meta-analysis effect size used as well as some studies showing a null association. 37 We would argue that the effect size and associated population attributable risk estimates used are appropriate based on the following: A more recent metaanalysis of job strain and depressive symptoms and diagnosed depression based on 11 studies including the two that formed the basis of the 2006 effect size estimate in our analyses (odds ratio of 1.86) yielded a comparable summary odds ratio of 1.74 (95% CI 1.53 to 1.96). 3 Further, comparable estimates of job strain attributable depression were generated for the French working population using independently generated effect size estimates and as well as independently derived exposure prevalence estimates from a French sample (10.2% to 31.1% for males and 5.3% to 33.6% for females). 38 Also worthy of consideration is the small 1-year service use cost estimate. This may be because workers who have experienced lifetime major depression are suboptimally treated. However, the initial probability of workers with lifetime major depression who were ''in treatment'' was estimated at 20%. We believe that this probability, as well as the estimates of health service use type and cost, are accurate, as they were derived using the best available evidence and a robust analytic method. Specifically, the Australian National Survey of Mental Health and Wellbeing provided depression-related health service use (inpatient, outpatient, and community) and the Australian Medicare Benefits Schedule, provided depression-related health service use and antidepressant medication information, and information was restricted to survey respondents who reported depression as their main problem to adjust for comorbidity. 16 An alternate explanation for the small cost estimate may be the lack of inpatient costs, as the rate of hospitalization for depression reported in Australia is much lower than that reported in the US. This is likely due in part to low rates of hospitalizations for depression in general, and partly due to the under-representation of very severe depression, the group most likely to be hospitalized in Australia. Although national mental health surveys are broadly representative of the population, participation is lower among the more severely ill, leading to an underestimate of the prevalence and associated characteristics of severe mental illness. 39, 40 Lastly, this study's use of information from employed individuals may have also contributed to the underestimate of health service use by introducing a bias away from those with very severe mental illness, thus reducing the prevalence of hospital days that are frequently the single biggest unit cost of health service use for any disease.
Managing Job Stress
This study provides strong evidence for the attempts to target both the determinants and the health and economic consequences of job stress. Such consequences include depression, job turnover, and associated lost productive time. 20 In Australia, The National Preventative Health Taskforce also highlighted the important, and preventable, role job stress plays in the development of other common chronic diseases and negative health behaviors, and thus the need for workplace health promotion and prevention programs focused on job stress and health behaviors. 20, 41 Despite these calls, the ability to action this advice is dependent on the readiness of intervention and prevention strategies designed to reduce or eliminate job stress. 8, 9 Recognition of this fact has advanced policy and practice in this space, as employers and organizations are encouraged to invest in ''mentally healthy workplaces'', and policy makers are encouraged to ''explore how mental health promotion can be embedded in workplace and OH&S legislation.'' Job stress intervention research literature has featured in several, recent systematic reviews serving to highlight that effective strategies for the prevention and control of job stress do exist. In particular, one comprehensive review, which included pro-active job stress interventions, 10 concluded individual-focused approaches that address areas such as coping and time management skill development favorably impact on health and health behavior outcomes. However, interventions focused on individuals fail to have positive organizational-level outcomes, such as reducing known risk factors of job strain. Therefore, organizationally focused interventions that focus on working conditions are required to achieve individual and organizational-level benefits. 10, 20 Further, organizational-level interventions focused on increasing employee job control, decreasing job demands, and increasing support 11, 12 have been associated with health benefits, including reduced anxiety and depression, as have interventions that restructure work tasks to reduce jobs stress. 11 Despite these aforementioned findings, workplace remain beholden to individual-level interventions that fail to recognize the importance of reducing job stressors. 20, 42 Future Directions
In addition to reducing job stressors to protect mental health, integrating mental health promotion and job stress prevention 43, 44 would use the workplace setting to prevent both work-and nonwork-related mental disorders 45, 46 by promoting the positive aspects of work 47, 48 and addressing mental health problems as they manifest in the workplace, regardless of cause.
14, 49 The findings of this study serve to highlight that organizations and employers are most likely to benefit from such efforts, as both job turnover and lost productive time are reduced. In addition, reduced job stress and improved mental health would benefit employees. Finally, broader societal benefits are also likely, as the duration of workforce participation is increased and instances of early retirement or progression to disability pensions are reduced.
